was only about 25% of that found in systems in which olive oil was the substrate.
In con-trast, we find that lipase activity in systems in which triolein is the substrate is 15 to 20% higher (see Figure 2) than in test systems including olive oil. Because olive oil composition varies in regard to triglycerides and other components, any standard method should make use of a better-defined substrate such as triolein.
The method for lipase activity measurements we describe here is simple and rapid, and avoids the analytical problems of methods now being used. Also, the specificity of the method is improved by using a reaction pH that is removed from the pH optimum of lipoprotein lipase and proteases, which could potentially interfere with the method. In addition, the smaller sample size decreases the amount of potential substrate for other enzymes, thus making any significant interference by other enzymes unlikely.
Materials and Methods

Instrumentation
We used a "pH-Stat" (Radiometer A. Preparation of the instrument. Adjust the instrument and set the recorder to specifications listed under "Instrumentation,"
and fill the buret with 10.0 mmol/liter sodium hydroxide. Standardize the pH meter at 30 #{176}C with a standard buffer calibrated to the third decimal place. After each measurement, rinse the reaction vessel, the electrodes, and all parts under the cover of the reaction vessel with de-ionized water. Set the pH-Stat to "reset" and "standby."
B. Assay 1. Measure 10 ml of the working substrate emulsion (triolein or olive oil) into the reaction vessel.
2. Add 4.5 ml of 6.67 mmol/liter sodium glycocholate (final sodium glycocholate concentration, 2 mmol/liter).
3. Place the reaction vessel into its proper place under the electrodes and permit a gentle but constant stream of nitrogen gas to flow over the reaction mixture by inserting an appropriate tube through the port in the cover of the reaction vessel.
4. Adjust the pH of the mixture to about 8.8 with either 50 mmol/liter hydrochloric acid or 50 mmol/ liter sodium hydroxide as required.
5. Continue mixing for 5 mm until all CO2 is removed from the reaction vessel and temperature equilibrium is reached. 6. Adjust the pH to slightly below 8.8 (e.g., 8.79; see procedure note No. 3).
7. Push the "start" button of the titrator and wait until the titrant delivery rate is constant or zero, then start recording by setting the chart feed to "forward" and the pen movement to "xl." Record the blank reaction for 2 to 3 mm. At the end of the reaction period, push the "reset" button of the titrator and set the chart feed to "neutral" and the pen movement to "free." A blank reaction needs to be carried out only once for each batch of specimens and should show no or only insignificant production of acid.
8. If needed, refill the buret with 10.0 mmol/liter sodium hydroxide.
9. Deliver 0.50 ml of serum through a port in the cover of the reaction vessel (see procedure note No. 4) and adjust the pH of the reaction mixture to 8.79 with either 50 mmol/liter hydrochloric acid or 50 mmol/liter sodium hydroxide as required. 10. Push the "start" button and wait until the titrant delivery rate is constant, then start the recorder. Depending on the lipase activity, the reaction is monitored for 3 to 8 mm.
C. Calculation
Simplified, this is
where U is defined as 1 tmol of free fatty acids formed per minute; T and B microliters of 10.0 mmol/liter sodium hydroxide used to titrate the test and the blank, respectively; and tT and t are the reaction times (in minutes) for the test and the blank, respectively.
1. In steps 1 and 2 of the assay, measure the reagents with a mark-to-mark graduated pipet. Do not use a "blow out" pipet.
2. The nitrogen gas used in step 3 is made C02- 5. If lipase activity is greater than 600 U/liter, the reaction rate curve is very steep and difficult to evaluate. In such cases the titrant-delivery speed and (or) the recorder-chart speed must be increased. This can be done while the reaction is in progress and an appropriate mathematical correction can be made, thus eliminating the need for a repeat analysis. For samples with lipase activity greater than 1 000 U/ liter, a smaller volume of sample (e.g., 0.1 ml) or a sample diluted with 0.14 mol/liter sodium chloride or inactivated serum must be used. would utilize less than 1% of the substrate during a 10-mm reaction period.
Results and Discussion
Analytical Variables
Concentration
Olive oil emulsions containing 2, 5, 10, 15, and 20 ml of purified olive oil per 100 ml were also prepared according to the method given under "Reagents." Based on stability and support of maximum lipase activity, the emulsion containing 10 ml of olive oil per 100 ml (final concentration in the reaction mixture, 6.67 ml per 100 ml) was found to be most suitable. The emulsions with higher and lower olive oil concentrations showed characteristics similar to those observed with triolein emulsions.
The Michaelis-Menten plot obtained by use of olive oil as substrate and a serum sample with 200 U/liter of lipase activity is similar to that obtained with a triolein emulsion.
The optimal acacia concentration was determined by preparing emulsions containing 1.8, 4.5, 6.3, 9.0, 13.5, and 18.0 g of acacia per 100 ml. Emulsions containing as much as 6.3 g of acacia per 100 ml sepa- Emulsions with the three higher concentrations gave equal enzyme activity. However, concentrations greater than 9.0 g/100 ml made the emulsions very viscous and difficult to pipet, and required faster mixing during the reaction period. Thus, we used 9.0 g/100 ml.
We compared acacia-emulsified substrates of tnolein and of olive oil by analyzing 148 sera, with use of these two types of emulsions for each sample. The values obtained-ranging from 0 to more than 5000 U/liter-were plotted on log-log paper, with the tnolein values on the abscissa and the olive oil values on the ordinate (Figure 2) lipase in the measurement of its activity can be justified only on the basis of economy, not on the basis of the superiority often assumed. Optimum pH for lipase activity in serum. Lipase activity of serum from both healthy individuals and patients with pancreatitis was optimal at pH 8.8 (Figure 3) , a value different from those reported by authors of fixed-time methods (1, 5, 9) . This difference in results probably reflects the effects of the different types of buffers used in fixed-time assays. Moreover, fixed-time assays, with their customary long incubation periods, measure not only lipase but also other enzymes such as proteases and lipoprotein lipase, which may cause increases in the titratable acids during the assay and obscure the true pH optimum. Assessment of the pH optimum by fixed-time assays is inherently inaccurate because the relatively large amount of free fatty acids produced during the reaction time is not adequately buffered and major pH shifts occur during the incubation period. Finally, it is known that the enzyme is partly inactivated during the reaction period [partially because bile salts are absent and partially owing to the high reaction temperature of 37 #{176}C ( Figure  4) ]. The slightly different optimum pH of 8.6 reported by Rick (8) is probably due to the different temperature used in that method (25 #{176}C vs. 30 #{176}C) and differences in concentrations of reagents. We observed the optimum pH to be 8.8 when using triolein or olive oil emulsions as substrate.
Choice of reaction temperature.
Although other authors have used 25 #{176}C (7, 8) or 37 #{176}C as reaction temperature, the temperature chosen for the pro- serum from a healthy subject )activity, 160 U/liter). Union of Biochemistry. A temperature of 37 #{176}C was found to be unsatisfactory because progression curves for the reaction indicated a continuous decrease in the rate of acid production, suggesting an inactivation of the enzyme at this temperature (Figure 4 ). No such effect was observed at 30 #{176}C. Compared to 25 #{176}C, the recommended temperature has the additional advantage of making the assay more sensitive, thus permitting use of a relatively small sample volume (0.50 ml for normal sera, 0.10 ml or less for sera with very high activity).
Effects of Some Potential Additives
The role of bile salts in lipase activity measurements.
Although several authors recommend the use of bile salts for lipase activity measurements, their effect on the activity of lipase has not been well established: some report activation (3, 10), others inhibition (11) or no effect (12, 13 mixture in concentrations of 0 to 4, 0 to 4, and 0 to 8 mmol/liter, respectively. This resulted in an apparent increase in lipase activity, sodium glycocholate showing the greatest effect. Concentrations of sodium glycocholate that gave maximum effect are 1.5-3.5 mmol/liter of reaction mixture ( Figure 5 ). However, these findings still did not clarify whether the greater activity was due to activation or prevention of denaturation of lipase. We therefore monitored a lipase assay to which the optimum amount of sodium glycocholate (2.0 mmol/liter) was added and compared the reaction rate curve with that obtained with an assay from which bile salts were omitted. While in the first experiment zero-order kinetics were observed (Figure 6, D) , the second experiment, without the addition of bile salts, showed a gradual but definite decrease in activity with time ( Figure 6 , B1). Addition of bile salts 2 or 5 mm after the reaction was begun did not restore the initial lipase activity but prevented further loss in lipase activity (Figure 6, C and E) . If the first portion (Vo) of the reaction-rate curve (Figure 6, B) is extended ( Figure  6, B2) , a line similar to the curve with bile salts (Figure 6, D) liter, had no effect on lipase activity;
higher concentrations were inhibitory ( Figure 7 ). This observation contradicts the reports of some authors (16) and confirms the findings of others (10, 17) . It is unsurprising that calcium ions, which are said to exert their activating effect by binding fatty acids, have no effect on lipase activity as measured by the present technique.
The amount of fatty acids produced in this assay is so small that product inhibition is practically nil. Thus, no benefit could accrue from binding these fatty acids.
The inhibitory effect of higher concentrations of calcium ions appears to be unspecific, because other salts-such as sodium chloride, magnesium sulfate and calcium chloride-affect lipase activity similarly if added in equal ionic strengths.
We speculate that these salts do not act on lipase directly, but rather interfere with the action of bile salts at the watersubstrate interface.
Such speculation is strengthened by the fact that no effect of calcium ions was ob- Thirty-three sera with elevated amylase activity, from patients thought to have pancreatitis, were analyzed for lipase activity (Table 2) . Although all samples showed elevations in lipase and amylase activity, the degree of elevations differed significantly, as could be expected from previous observations (2). 
